The anthocyanin cyanidin-3-O-β-glucoside, a flavonoid, increases hepatic glutathione synthesis and protects hepatocytes against reactive oxygen species during hyperglycemia: Involvement of a cAMP-PKA-dependent signaling pathway.
Enhanced oxidative stress due to high glucose contributes to pathological changes in diabetes-related liver complications. Reducing oxidative stress may alleviate these pathogenic processes. Anthocyanin, a natural antioxidant, has been reported to reduce intracellular reactive oxygen species (ROS) levels but the mechanism of this reduction is not fully understood. The glutathione (GSH) antioxidant system is critical for counteracting oxidative stress-induced intracellular injury. In this study, we evaluated the mechanism of the anthocyanin-mediated regulation of GSH synthesis and reduction in intracellular ROS levels. We observed that treatment of human HepG2 cells with the anthocyanin C3G significantly reduced ROS levels induced by high glucose. C3G incubation increased glutamate-cysteine ligase expression, which in turn mediated the reduction in ROS levels. However, the upregulation of glutamate-cysteine ligase catalytic subunit (Gclc) expression by C3G occurred independent of the Nrf1/2 transcription factors. Notably, the cAMP-response element binding protein (CREB) was identified as the target transcription factor involved in the C3G-mediated upregulation of Gclc expression. C3G increased phosphorylation of CREB through protein kinase A (PKA) activation, which induced a CREB-mediated upregulation of Gclc transcription. In vivo, treatment with C3G increased the GSH synthesis in the liver of diabetic db/db mice through PKA-CREB-dependent induction of Gclc expression. Finally, oxidative stress determined by lipid peroxidation, neutrophil infiltration, and hepatic steatosis was attenuated in C3G-treated db/db mice. Our results demonstrate that the anthocyanin C3G has an effect of activating GSH synthesis through a novel antioxidant defense mechanism against excessive ROS production, contributing to the prevention of hyperglycemia-induced hepatic oxidative damage.